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AMENDMENT 



VIA FACSIMILE #571-273-8300 

Commissioner for Patents 

ATTN: Examiner Terry Lee Englund 

P.O. Box 1450 

Alexandria, VA 223134450 

Dear Sir: 

In response to the Office Action of October 20, 2006, please amend the above-identified 
application as follows: 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims which begins on page 4 
of this paper. 

Replacement Drawings are found on page 9 of this paper. 
Remarks/Arguments begin on page 10 of this paper. 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

In the Specification 

Please replace the paragraph beginning on page 1, line 20 as follows: 

u An example of a modern band-gap reference circuit is illustrated as circuit 500 in 
FIGURE 5. As shown in the figure, two bipolar transistors (Ql , Q2) are arranged with a common 
base that is connected to VDD. Two resistors (Rl, R2) are series connected between the emitter 
of the first bipolar transistor (Ql) and the reference output (VREF). Another resistor (R3) is 
connected between the emitter of the second bipolar transistor (Q2) and the reference output 
(VREF). An error amplifier (EAMP) is used to adjust the voltage of the reference output (VREF) 
through feedback. At steady-state, the voltage at the common point of resistors Rl and R2 is the 
same as the voltage at the emitter of the second bipolar transistor (Q2). The two bipolar 
transistors (Ql, Q2) are arranged to provide a ten-to-one (10:1) current density difference with 
respect to one another (Q2 to Ql). The ten-to-one current density results in a 60m V difference 
between the base-emitter voltages of two bipolar transistors (AVbe = Vt*ln(Al/A2) = 
26mV*ln(10) = 60mV, at room temperature. Al and A2 are the respective emitter areas of 
bipolar transistors Ql and Q2. Current II is set to equal current 12 by means of resistors R2, R3, 
and feedback operation of error amplifier EAMP. The 60mV difference appears across the first 
resistor (Rl). The voltage between VDD and the output of the error amplifier corresponds to a 
reference voltage (VREF) that is given as VREF = Vbe + X* Vt, where X is a constant that is 
used to scale the temperature correction factor. The temperature correction factor (X) is adjusted 
by the ratio of the resistors ((R2/Rl)*ln(Al/A2)). Typical temperature corrected reference 
voltages of 1 .25V are achieved by this configuration." 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

Please replace the abstract of the disclosure with the following paragraph: 

"An apparatus and method provide for curvature corrected temperature variations 
in a band-gap reference circuit. The apparatus includes a band-gap cell, an IPTAT circuit, a 
resistor, and a feedback circuit. The band-gap cell is arranged to provide a band-gap voltage. 
The resistor circuit is coupled to both the band-gap cell and the IPTAT circuit. The feedback 
circuit is arranged to selectively activate the IPTAT circuit such that an additional correction 
factor is added to the temperature response of the band-gap cell to provide a second order curve. 
The IPTAT circuit can be implemented as a simple transistor that is responsive to changes in 
absolute temperature." 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

Listing of claims: 

1. (Currently Amended) An apparatus for providing a temperature compensated reference signal, 
comprising: 

a bang-gap band-gap cell that is arranged to provide a first signal that has a first 
temperature response profile at a first node, wherein the band-gap cell comprises a first bipolar 
device, a second bipolar device, a first resistor that is coupled between a first sense node and the 
first bipolar device, a second resistor that is coupled between the first sense node and a common 
node, a third resistor that is coupled between the common node and the second bipolar device at 
a second sense node, and an error amplifier that is responsive to signals from the first sense node 
and the second sense node, wherein the resistor circuit is coupled between an output node of the 
error amplifier and the common node ; 

a PTAT circuit that is arranged to selectively provide a second signal that has a second 
temperature response profile to the common node when active ; 

a feedback circuit that is arranged to selectively activate the PTAT circuit in response to 
an output from the band-gap cell ; and 

a resistor circuit that is coupled between the output from the band-gap circuit and the 
common node, wherein the resistor circuit is arranged in cooperation with the band-gap cell and 
the PTAT circuit to generate the temperature compensated reference signal at the common node 
as a combination of the first signal and the second signal such that the temperature compensated 
reference signal has a third temperature response profile that is determined by combination of the 
first temperature response profile and the second temperature response profile. 

2. (Currently Amended) The apparatus of claim 1, wherein the first temperature response profile 
is different from the second temperature response profile^ such that the third temperature 
respons e profil e 

3. (Original) The apparatus of claim 1, wherein the first signal and the second signal are currents, 
and wherein the resistor circuit is arranged to combine the currents that are associated with the 
first and second signals. 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 



4. (Cancelled) The apparatus of claim 1, wherein the bandgap cell comprises: 
a first bipolar device; 

a second bipolar device; 

a first r e sistor that is coupl e d between a first sens e node and th e first bipolar device; 

a second resistor that is coupl e d between th e first sense node and a common node; 

a third r e sistor that is coupled between a second sense nod e and the common node; and 

an error amplifier that is responsive to signals from the first sense node and the second 

sense nod e , wh e r e in the resistor circuit is coupl e d betw e en an output node of the error amplifier 
and th e common node, and wherein the PTAT circuit is coupled to the common node, 

5. (Currently Amended) The apparatus of claim [4] 1_, wherein the first bipolar device and the 
second bipolar device are ratio scaled with respect to one another. 

6. (Original) The apparatus of claim 1, wherein the feedback circuit comprises at least one of: a 
passive feedback circuit, an active feedback circuit, a voltage divider circuit, a gain scaling 
circuit, a resistor divider circuit, a capacitive divider circuit, and a stacked diode circuit. 

7. (Original) The apparatus of claim 1, wherein the feedback circuit corresponds to a voltage 
divider circuit that senses the output of the band-gap cell. 

8. (Original) The apparatus of claim 1, wherein the PTAT circuit comprises at least one of: a 
voltage reference circuit that is configured to provide the second signal as a voltage, and a 
current reference circuit that is configured to provide the second signal as a current. 

9. (Original) The apparatus of claim 1 , wherein the PTAT circuit includes a bipolar junction 
device that is arranged to provide the second signal as a current that is proportional to absolute 
temperature. 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

10. (Original) The apparatus of claim 1, wherein the PTAT circuit includes a bipolar junction 
device that is arranged to provide the second signal as a voltage that is proportional to absolute 
temperature. 

1 1 . (Original) The apparatus of claim 1 , wherein the PTAT circuit is arranged to activate when 
an operating temperature associated with the apparatus reaches a temperature trip point. 

12. (Original) The apparatus of claim 1, wherein the band-gap cell is referenced from at least one 
of: a high supply signal, a low supply signal, and a ground reference signal. 

13. (Original) The apparatus of claim 1, wherein the temperature compensated reference signal 
corresponds to at least one of a current and a voltage. 

14. (Currently Amended) An apparatus for providing a temperature compensated reference 
signal, comprising: 

a bang gap band-gap cell means that is coupled between first common node and a power 
supply node, wherein the band-gap cell means is arranged to provide a first signal that has a first 
temperature response profile at the first common node, wherein the band-gap cell means is also 
arranged to provide an output at a second common node ; 

a PTAT means that is arranged to selectively provide a second signal that has a second 
temperature response profile at the first common node when active, wherein the second 
temperature response profile is proportional to absolute temperature ; 

a sense means that is arranged to sense-an the output of the band-gap cell means at the 
second common node and selectively activate the PTAT means in response to the sensed output ; 
and 

a signal combination resistor means that is coupled between the second common node 
and the first common node, wherein the signal combination means is arranged to adjust th e 
temperature compensated r e f e renc e signal in r e sponse to combine the first signal and the second 
signal at the first common node such that the output of the band-gap cell at the second common 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

node corresponds to a temperature compensated reference signal has with a third temperature 
response profile that is determined by combination of the first temperature response profile and 
the second temperature response profile. 

15. (Currently Amended) The apparatus of claim 14 45, wherein the PTAT means comprises at 
least one of: a voltage reference means that is configured to provide the second signal as a 
voltage, and a current reference means that is configured to provide the second signal as a 
current. 

16. (Currently Amended) The apparatus of claim 14 42, wherein the PTAT means is arranged 
such that the second temperature response profile is proportional to absolute temperature. 

17. (Currently Amended) The apparatus of claim 14 42, wherein the band-gap cell means is 
r e ference referenced at the power supply node from at least one of: a high supply signal, a low 
supply signal, and a ground reference signal. 

18. (Currently Amended) The apparatus of claim 14 42, wherein the temperature compensated 
reference signal corresponds to at least one of a current and a voltage. 

19. (Currently Amended) A method for providing a temperature compensated reference signal, 
comprising: 

coupling a band-gap cell between a first common node and a power supply node; 

coupling a resistor between the first common node and a second common node; 

providing a band-gap voltage from the a band-gap cell at the second common node when 
the band-gap cell is active, wherein the band-gap cell is arranged to operate with that has a first 
temperature profile; 

monitoring voltages at the second common node with a voltage divider to provide a 
feedback signal that is responsive to changes in the band-gap voltage to provide a feedback 
signal ; 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

coupling the feedback signal to an input of a PTAT circuit that has a s e cond temperatur e 

profile ; 

activating the PTAT circuit in response to the feedback signal when an operating 
temperature associated with the band gap cell PTAT circuit reaches a temperature trip-point; and 

coupling a- an output signal from the PTAT circuit to the first common node the band gap 
eeH when the PTAT circuit is active such that the temperature profile associated with the bang- 
gap voltage is modified by the PTAT circuit to create a third temperature profile that corresponds 
to the combined temperature profiles of the band-gap cell and the PTAT circuit. is provid e d to the 
band - gap voltage , 

20. (Original) The method of claim 19, wherein the first temperature profile corresponds to a 
band-gap curve, the second temperature profile corresponds to a proportional to absolute 
temperature curve, and the third temperature profile corresponds to a curvature corrected band- 
gap curve. 
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App.No. 10/808,635 

Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

REMARKS/ARGUMENTS 
Claims 1 - 20 are pending in the present application. The drawings and abstract are 
object to for various informalities. Claims 1 - 18 are objected to. Claims 1 - 20 are rejected. 
Claims 1, 2, 5, and 14 - 19 are amended. Claim 4 is cancelled. No new matter is added. 

Objection to the Drawings 

FIG. 5 is objected to for failing to comply with 37 CFR 1.84(p)(5). In particular, FIG. 5 
lacks a label for the term "VOUT" that is described in the specification, and also because FIG. 5 
includes a reference label "500" that is properly referenced in the specification. The 
specification has been amended to remove the label "VOUT" in favor of label "VREF", which is 
already included in FIG. 5. The specification has also been amended to include the reference to 
label "500", which simply refers to the entire circuit schematic. It is believed that the objection 
to FIG. 5 is overcome by this amendment and notice to that effect is requested. 

FIG. 6 is objected to for failing to have a designation of "PRIOR ART". A replacement 
sheet for FIG. 6 is included with this response, where the replacement sheet has the designation 
of "PRIOR ART." It is believed that the objection to FIG. 6 is overcome by this amendment and 
notice to that effect is requested. 

Objection to the Specification 

The abstract of the disclosure is objected to for describing various merits of the invention, 
and for including a customer number that is not necessary. In accordance with the Examiner's 
request, the abstract of the disclosure has been amended to remove the last sentence, and also 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

remove the customer number. It is believed that the objection to specification is overcome by this 
amendment and notice to that effect is requested. 

Objection to the Claims 

Claims 1 - 18 are objected to for various informalities. In particular claims 1,14 and 15 
have been objected to for various typographical errors that are now corrected by way of 
amendment. 

Rejection of the Claims under 35 U.S.C. § 112 

Claims 1 - 20 are objected to under 35 U.S.C. § 1 12, second paragraph as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which the 
Applicant regards as the invention. In particular, the Examiner noted points of confusion or 
errors with regard to claims 1, 2, 4, and 15-17. 

Applicants wish to thank the Examiner for such a thorough review. Claim 4 is cancelled, 
and claims 1, 2 and 15 - 17 are amended. It is believed that the rejection of the claims under 35 
U.S.C. § 1 12 is overcome, and notice to that effect is kindly requested. 

Applicant has reviewed each of the pending claims, and further amended claim 18 to 
properly depend from claim 14 instead of claim 12. 

Allowable Subject Matter 

Claims 4 - 5 are indicated as allowable if rewritten to overcome the objections and 
rejections under 35 U.S.C. § 1 12. Claim 4 has been cancelled and its limitations have been 
properly incorporated into now amended claim L Claims 2, 3 and 5-13 now properly depend 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

from claim 1 and are thus also propsed to be allowable. Therefore, it is believed that claims 1 - 
3 and 5 - 13 are in proper form for allowance, and notice to that effect is requested. 

Rejection of the Claims under 35 U.S.C. § 102 

Claims 1 - 3 and 6-20 are rejected under 35 U.S.C. § 102, second paragraph as being 
anticipated by U.S. Patent No. 4,939,442 (the 4 442 patent) to Carvajal et al. Claims 1 - 13 are 
considered allowable for the reasons previously stated above. Claims 14-20 are further 
proposed to be allowable for the reasons stated below. 

Claim 14 as amended includes at least the following limitations not disclosed, taught or 

otherwise suggested in the '442 patent; 

"a signal combination resistor means that is coupled between the second common 
node and the first common node, wherein the signal combination means is arranged to 
adjust the temperature compensated reference signal in response to combine the first 
signal and the second signal at the first common node such that the output of the band- 
gap cell at the second common node corresponds to a temperature compensated reference 
signal has with a third temperature response profile that is determined by combination of 
the first temperature response profile and the second temperature response profile." 

The '442 patent does not teach coupling a resistor means between the second common 
node and the first common mode, where the resistor means is arranged to combine two signals 
with different temperature response profiles. Since these features, as they relate to the other 
structural features are not described or otherwise taught in the 6 442 reference, it is believe that 
claim 14 is allowable for at least that reason. Claims 15-18 depend upon and further limit claim 
14, and are thus also believed to be allowable. Claims 14 - 1 8 are now in proper form for 
allowance and notice to that effect is requested. 
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Amendment Dated January 22, 2007 

Reply to Office Action of October 20, 2006 

Claim 19 as amended includes at least the following limitations not disclosed, taught or 
otherwise suggested in the '442 patent: 

"coupling a band-gap cell between a first common node and a power supply 

node;" 

"coupling a resistor between the first common node and a second common node;" 

"monitoring voltages at the second common node with a voltage divider to 
provide a feedback signal that is responsive to changes in the band-gap voltage;" 

"coupling an output signal from the PTAT circuit to the first common node when 
the PTAT circuit is active such that the temperature profile associated with the bang-gap 
voltage is modified by the PTAT circuit to create a third temperature profile that 
corresponds to the combined temperature profiles of the band-gap cell and the PTAT 
circuit." 

The '442 patent does not teach coupling a resistor between the first common node and the 
second common mode, nor does the '442 patent teach monitoring voltages at the second 
common node with a voltage divider to provide the feedback signal responsive to changes in the 
band-gap voltage. Moreover, the other described claim elements in Applicant's amended claim 
19 includes steps that require additional structural connectivity such as, for example, the band- 
gap cell being coupled to the resistor, which in effect couples the signals together, at two places 
(i.e., the second common node and the first common node). Since these features, as they relate 
to the other structural features are not described or otherwise taught in the '442 reference, it is 
believe that claim 19 is allowable for at least that reason. Claim 20 depends upon and further 
limit claim 19, and are thus also believed to be allowable. Claims 19-20 are now in proper 
form for allowance and notice to that effect is requested. 
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Reply to Office Action of October 20, 2006 

In view of the foregoing amendments and remarks, all pending claims are believed to be 
allowable and the application is in condition for allowance. Therefore, a Notice of Allowance is 
respectfully requested. Should the Examiner have any further issues regarding this application, 
the Examiner is requested to contact the undersigned attorney for the applicant at the telephone 
number provided below. 



Respectfully submitted, 



MERCHANT & GOULD P.C. 




MERCHANT & GOULD P.C. 
P. O. Box 2903 

Minneapolis, Minnesota 55402-0903 
206.342.6200 

(BAH/ab) 
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